We report synthesis, structural, magnetic, specific heat and Density Functional Theory 
I. Introduction
The discovery of superconductivity in the MgB 2 compound with T c ~ 39 K [1] has created an interest for the search of new inter-metallic compounds with high superconducting transition temperatures. Later, superconductivity at ~ 8 K was discovered in the inter-metallic compound MgCNi 3 [2] . Instead of layered MgB 2 (space group P6/mmm), where the Boron layers are alternately stacked on the Mg layers, the MgCNi 3 has the classical cubic perovskite structure (space group Pm3m), resembling the high T c cuprates. Despite the strong expectation for ferromagnetism due to full occupancy of Ni, in MgCNi 3 , it shows superconductivity but not the ferromagnetism [2] . MgCNi 3 is the only known non-oxide perovskite that exhibits superconductivity with a critical temperature of ~ 8 K [2] . Because of the large content of Ni in MgCNi 3 , this material lies in close proximity to ferromagnetism [3] . The occurrence of superconductivity in MgCNi 3 is unusual and a border line case between the conventional nonmagnetic and ferromagnetic superconductors [4] . The conduction electrons of MgCNi 3 are derived predominantly from Ni [3, 4] . Carbon atom in MgCNi 3 plays a critical role in its superconductivity. Single-phase superconducting compound (MgC x Ni 3 ) is formed in a range of Carbon content (1.3 <x < 1.6) [5, 6] . In brief, MgCNi 3 is a superconductor equipped with its rich physics and hence of tremendous interest to both experimentalists and theoreticians [2] [3] [4] [5] 7] .
MgCNi 3 forms in a three-dimensional perovskite structure. Comparison to a familiar oxide perovskite such as CaTiO 3 , for example, indicates the structural equivalencies between Ca and Mg, Ti and C, and O and Ni. Instead of a Ti atom, a C atom is located in the body-centered position surrounded by a Ni (6)-octahedra cage. Such a large amount of nickel in MgCNi 3 makes it an analog of the three-dimensional layered nickel borocarbides, typified by LuNi 2 B 2 C with a T c near 16 K [8] . In general, the co-ordination of Carbon with other cations in structural alloys or compounds could give rise to various innovative physical properties. Often the 3d magnetic atoms when coordinated with Carbon do strip off their moments. For example Ni being coordinated with Carbon in MgCNi 3 [3] [4] 7] and LaNiC 2 [9] superconductors possesses nearly no magnetic moment. The observance of superconductivity in Ni based compounds is not unprecedented and already reported for the quaternary borocarbides (RENi 2 B 2 C) [7] , MgCNi 3 [3] [4] 7] , LaNiC 2 [9] and binary alloy of Bi and Ni (Bi 3 Ni) [10, 11] etc. One of the moot questions in regards to MgCNi 3 superconductor is about the nature of its magnetism. In particular, it is difficult to get the end compound without the traces of Ni impurity [8] . Small amount of unreacted Ni, being magnetic and even ferromagnetic (FM) with Curie temperature above 600 K, could mess up the net outcome in magnetization measurements. Often, this compound is synthesized with nominal excess C, i.e., MgC x Ni 3 [2, 6, [12] [13] [14] , and the optimization of stoichiometric MgCNi 3 is scant. The theoretical calculations [7] show that in MgC x Ni 3 (x=0.8-1.0), the proportionality of magnetism increases with decreasing x.
As far as the physical properties are concerned, the measurements of thermopower indicated that the carriers in MgCNi 3 are electron type [15, 16] . The thermal conductivity of the MgCNi 3 is of the order as for inter-metallics, but larger than that of borocarbides and smaller than MgB 2 [16] . The specific heat [2, 12, 17] and resistivity [2, 18, 19] measurements on bulk polycrystalline samples implied a moderately coupled superconductor [17, 19] . The penetration depth measurements distinctly showed a non-s-wave BCS feature at low temperature [20] .
Lately, detailed penetration depth and specific heat analysis on MgCNi 3 on single crystals confirmed s-wave superconductivity with fully open gap and strong-coupling [22, 23] . On the other hand the Hamiltonian-based model calculations suggest MgCNi 3 to be a d-wave superconductor [21] . Recently, a C 13 isotope effect is reported with α C = 0.54 (3), which indicates that MgCNi 3 is predominately a phonon-mediated superconductor and confirms the important role of Carbon in superconductivity [24] . Most of scattered physical properties and theoretical calculation of MgCNi 3 are reviewed in ref. [6] . It appears that there exist some contradictory reports regarding physical property measurements on bulk and single crystalline MgCNi 3 [2, 6, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . The recent discovery of the iron-pnictide high T c superconducting materials [25, 26] opened a new window for condensed matter community. Many of these iron-pnictide materials contains two magnetic elements (Fe and rare-earth metal) and the interplay between magnetic order and superconductivity is very important and interesting [26] .
Here we report the synthesis temperature optimization and host of superconducting properties for the stoichiometric Mg and amorphous Carbon powder. The excess amount of Mg and C in the synthesis is taken to compensate their volatile deficiency during heat treatments [2, 27] . The stoichiometric amounts of high purity ingredients (Mg, amorphous C and Ni) were ground thoroughly and palletized using hydraulic press. These pallets were putted in iron capsule and then heated at 600 basis as implemented in ELK code [7] . The Brillouin zone integrations are performed using 15x15x15 mesh containing 120 k-points. The values of Muffin tin radii for Mg, C and Ni were 2.00, 1.45 and 2.00 a.u. (atomic units) respectively. We used generalized gradient approximation [28] for solids (GGA PBEsol) to describe the exchange and correlation for the system. The lattice constant for MgCNi 3 is determined by plotting total energy versus lattice constant and was found to be 7.12 a.u. which is within 1.1% of experimental value 7.20 a.u. Ni within XRD limits of less than 1% being contributing to the matrix para-magnetism of MgCNi 3 . In fact in experimental literature yet there are no data on normal state (above Curie temperature, T C ) magnetism of this important superconductor. Our data is complete in terms of various physical properties of MgCNi 3 and is quite clean with in XRD detection limit (Fig.1 ).
II. Experimental details

III. Results and Discussion
Further our results are thought provoking as far as the possibility of ferromagnetism is concerned in MgCNi 3 along with superconductivity.
We have performed density functional theory (DFT) calculations for the mentioned compound using Full Potential Linear Augmented Plane Wave method (FP-LAPW) as implemented in ELK code. The numerical convergence of different parameters was ensured. We have used generalized gradient approximation (GGA) to perform calculations. The calculated DOS was found degenerate for both the spins. The results are shown in Fig. 8 . We found that for perfectly stoichiometric We also performed the heat capacity versus temperature measurements at different values of applied magnetic field. Fig. 9 shows the heat capacity plot with applied magnetic field up to 140 kOe. The T c is to be obtained 7.2 K, through entropy balance of superconducting and normal state [12] . This is in good agreement with T c (7.25 K) obtained through magnetization data (Fig.   2 ). The low temperature normal state heat capacity data is fitted using Sommerfeld-Debye model. The low temperature T 3 approximation is used for Debye term. These values are in good agreement with earlier reports [2, 19] .
From the value of Sommerfeld constant we have calculated the electronic Density of states at Fermi level N (E F ) using formula.
There are contradicting reports regarding nature of electron-phonon coupling parameter λ and the nature of superconductivity [2, 12, [17] [18] [19] [20] [21] 
From our specific heat data fitting, we extracted the value of α to be 1.87 [ Fig. 10 ] using modified BCS formula [35] . The specific heat jump at T c (∆C/γTc) is obtained to be 1.81. Using this, the value of coupling constant λ is obtained 0.69.This indicates moderate electron-phonon coupling in MgCNi 3 . On the other hand, the value of λ extracted using Equation (3) from ref.
[34]
is 3.02, which is nearly four times in comparison to the one being calculated (0.69) from
Eliashberg equation.
The calculated DOS from DFT calculations and from our heat capacity data are 3.76
states/eV-formula unit and 15.31 states/eV-formula unit respectively. From our calculation based on ref. [34] , the value of the electron-phonon coupling parameter λ is 3.02 i.e., λ>> 1. This shows that electron-phonon coupling in studied compound is strong one. Even if we consider the maximum DOS calculated from earlier reports (~5 states/eV-formula unit), the value of λ comes out around 2. Considering these values of λ, the calculated value of T c with Θ D = 263.13 K is around 37.38 K. It seems there are some parameters contributing in DOS, which we are lacking in calculations. There are reports regarding two phases of MgCNi 3 α-phase (Carbon depleted phase) and β-phase (Carbon occupancy is 0.96). Both α-phase and β-phases share the same cubic space group, but α-phase lattice parameter is 1.3% smaller and, unlike the β-phase, and is not superconducting. The calculations show that in case of α-phase, the specific heat γ is 50%
lower than in the β-phase [35] . In case of presently studied sample the possibility of occurrence of α-phase is excluded, since we have taken Carbon in access (1.6) and also the sample is superconducting. Moreover, in view of the rather large Stoner parameter in MgCNi 3 [31] , one may have to take into account the spin fluctuation effect on the superconducting property. Shim et al. [32] used the modified T c formula including the spin-fluctuation parameter m sp in the
McMillan"s form [37] . They considered small m sp = 0.1, and obtained much reduced T c = 11.5 K even in the case of Θ D = 300 K. Spin-fluctuation is responsible for that higher value (3.02) of λ, due to excess amount of Carbon [38] . The difference in experimental and fitted electronic specific heat data (C es /γT) [see Fig. 10 ] in lower temperature region indicates about multi band superconductivity. In fact two-band model has already been applied [12, 39] field. This means the upper critical field of the compound is above 100 kOe at 3 K. This value is either comparative or even larger than earlier reports [6] . This shows that the studied MgCNi 3 sample is fairly good one.
IV. Conclusion
Polycrystalline MgCNi 3 samples are synthesized and found to crystallize in cubic 
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